21 response as part of their innate immune system. This antiviral mechanism is conserved 22 in virtually all cell types, except for embryonic stem cells (ESCs) and oocytes which are 23 intrinsically incapable of producing IFNs. Despite the importance of the IFN response to 24 fight viral infections, the mechanisms regulating this pathway during pluripotency are 25 still unknown. Here we show that, in the absence of miRNAs, ESCs acquire an active IFN 26 response. Proteomic analysis identified MAVS, a central component of the IFN pathway, 27 to be actively silenced by miRNAs and responsible for suppressing IFN expression in 28 ESCs. Furthermore, we show that knocking out a single miRNA, miR-673, restores the 29 antiviral response in ESCs through MAVS regulation. Our findings suggest that the 30 interaction between miR-673 and MAVS acts as a switch to suppress the antiviral IFN 31 during pluripotency and present genetic approaches to enhance their antiviral immunity. 32 33 34 35 36 37 38 39 40 41 42 48 major signalling pathways are involved in IFN production in the context of viral infections.
Introduction
Type-I Interferons (IFN) are crucial cytokines of the innate antiviral response. Although
44
showing great variation, most mammalian cell types are capable of synthesizing type-I IFNs in 45 response to invading viruses and other pathogens. Once type-I IFNs are secreted, they activate the JAK-STAT pathway and production of Interferon-stimulated genes (ISGs) in both the infected and neighbouring cells to induce an antiviral state (Ivashkiv and Donlin, 2015) . Two to that of plants and insects, is suggested to function as an alternative antiviral mechanism (Maillard et al., 2013) . And in humans, ESCs intrinsically express high levels of a subgroup of antiviral signalling protein), an essential and central protein in the interferon response pathway.
nuclear factor for miRNA biogenesis, Dgcr8. The absence of Dgcr8 also decreased TMEV and IAV viral susceptibility, suggesting that miRNAs are responsible for suppressing the antiviral TBK1/IKKε phosphorylation and consequently IRF3 transcriptional activity, whereas 165 BMS345541 is an inhibitor of the catalytic subunits of IKK and thus blocks Nf-κB-driven Figure 4A ), suggesting that 170 miRNAs regulate the interferon pathway upstream Ifnb1 transcription.
171
We next aimed to identify, in an unbiased manner, differentially expressed proteins involved 172 in viral susceptibility in the presence or absence of miRNAs. To this end, the total proteome of 
186
Western blot and qRT-PCR analysis confirmed that MAVS was the only factor consistently 187 expressed to higher levels in both miRNA-deficient cell lines, Dgcr8 -/and Dicer -/- (Figure 3C , lanes 2 and 5, and Suppl. Figure 4C ), compared to a panel of other components of the same innate immune response pathway (Suppl. Figure 4D ).
To confirm the involvement of miRNAs on MAVS expression, a dual luciferase assay system was used where the 3'UTRs of MAVS, MDA5 and RIG-I were fused to a luciferase reporter gene to compare luciferase activity in wild-type and knock-out ESCs. Only the MAVS 3'UTR 194 showed relatively higher luciferase expression levels in the knock-out lines when compared to 195 the empty plasmid, suggesting that the 3'UTR of MAVS is strongly regulated by miRNAs in Figure 5B ).
219
As an alternative approach, Dgcr8 +/+ cells were transfected with inhibitors to miRNAs miR-220 125a-5p, miR-125b-5p and miR-673-5p. Western blot analysis showed a clear increase in 221 MAVS protein expression, especially for anti-miR-673-5p ( Figure 5C ). Because miR-673-5p 222 showed the largest effect on MAVS protein expression both when depleted and overexpressed,
223
we hypothesize that miR-673 is a crucial miRNA involved on MAVS regulation.
224
We further investigated the role of miR-673-5p in ESCs by creating stable knock-out cell lines 225 for miR-673 by CRISPR/Cas9. Three cell lines were selected based on the genomic deletion 226 and confirmed undetectable expression of miR-673-5p ( Figure 5D and Suppl. Figure 6A ).
227
The absence of miR-673-5p was enough to observe an increase in MAVS expression both at 228 the mRNA and protein levels ( Figure 5E and Suppl. Figure 6B ). In addition, we measured 
234
Next, miR-673 deficient cell lines were tested for TMEV susceptibility, which showed a 235 consistent decrease in virus replication, similar to that observed in the absence of all miRNAs (Dgcr8 -/-), suggesting this miRNA is essential in regulating the innate antiviral response in ESCs (Figure 5F) .
the post-transcriptional regulation of MAVS expression by miR-673-5p.
Several studies suggest that the pluripotent state of a cell is incompatible with an active 242 interferon response (Guo et al., 2015) . Both mouse and human stem cells fail to synthesize 
245
Embryonic carcinoma cells, which are still pluripotent, also fail to produce interferons in 246 response to viral RNA mimics (Burke, Graham and Lehman, 1978) . In agreement, 
311
It is relevant to mention that some of the results leading to this conclusion have been primarily Table S1 . 
393
For the miRNA mimics (miScript, Qiagen) a final concentration of 1 mM was transfected into cells using Dharmafect (Dharmacon), incubated for the desired period and further processed.
395
The same procedure was followed for the antagomirs (Dharmacon), but at a concentration of Table S1 .
404

Cell lysis and Western Blots
405
Cells used for Western blot analysis were lysed in RIPA buffer (50 mM TRIS-HCl, pH 7.4,
406
1% triton X-100, 0.5% Na-deoxycholate, 0.1% SDS, 150 mM NaCl, protease inhibitor cocktail 
448
Five µg of peptides were injected onto a C18 packed emitter and eluted over a gradient of 2%-were ionised at +2kV before data-dependent analysis on a Thermo Q-Exactive Plus. MS1 was 451 acquired with mz range 300-1650 and resolution 70,000, and top 12 ions were selected for 452 fragmentation with normalised collision energy of 26, and an exclusion window of 30 453 seconds. MS2 were collected with resolution 17,500. The AGC targets for MS1 and MS2 454 were 3e6 and 5e4 respectively, and all spectra were acquired with 1 microscan and without 
